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5 A BUS INTERFACE CONVERTER CAPABLE OF CONVERTING AMBA AHB 

BUS PROTOCOL INTO i960-LIKE BUS PROTOCOL 

FIELD OF THE INVENTION 

The present invention relates to the design of digital interface conversion in the field 
of integrated circuit design, and particularly relates to a bus interface converter capable of 
10 converting AMBA AHB bus protocol into i960-like bus protocol in the field of ARM 
embedded microprocessor application-based design. 

BACKGROUND OF THE INVENTION 

In the field of integrated circuit, every chip or device has its communication interface 
with the outside. Because of technical, market and other historical reasons, various chips or 

15 devices comply with different protocol standards or bus specifications. When chips or 
devices with different interfaces need to be interconnected for communication, the 
interface conversion or protocol conversion becomes an inevitable step. While the 
provider of the embeded CPU core, ARM Inc. rises in the field of RISC microprocessor as 
a new force, the AMBA AHB bus protocol with its inherent advantages has become more 

20 and more popular in the industry. AMBA AHB bus protocol, as an open standard, has 
already become the actual standard for the construction of on-chip system SoC and the 
development of IP library, i960 is a series of microprocessors provided by Intel Company 
for the embedded applications, and there are a lot of interface devices right now based upon 
i960 or i960-like bus interface protocol. At present, in the industry, there is already 

25 interface bus protocol converting bridge for converting from PCI protocol into i960 (or 
i960-like), but till now there is no converting controller for converting interface bus 
protocol from AMBA AHB into i960-like, which also supports both synchronous and 
asynchronous modes. 
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5 Fig. 1, 2 and 3 illustrate the basic transfer methods of AMBA AHB bus protocol, 

wherein, Fig.l illustrates the most basic read/write situation; Fig. 2 illustrates the case 
which includes wait state; and Fig. 3 illustrates several consecutive read/write actions. 
Fig.4 and 5 illustrate the i960-like bus protocol, wherein Fig.4 is read operation and Fig.5 is 
write operation. 

1 0 SUMMARY OF THE INVENTION 

The object of the present invention is to provide a bus interface converter capable of 
converting AMBA AHB bus protocol into i960-like bus protocol, so as to accomplish the 
conversion from AMBA AHB bus to i960-like bus, and support two operation modes in 
which the AMBA AHB bus and i960-like bus operate synchronously and asynchronously. 

15 In order to achieve the above object, the present invention adopts the following 

technical solution: 

A bus interface converter capable of converting AMBA AHB bus protocol into 
i960-like bus protocol, comprising: an AHB interface for accomplishing interface 
processing for AMBA AHB bus protocol; an i960-like interface for accomplishing 

20 interface processing for i960-like bus protocol; and a main controller for accomplishing the 
bus protocol conversion between the AHB interface and the i960-like interface. Wherein, 
the AHB interface comprises: an AHB bus signal register module for judging and 
registering control signal from AMBA AHB bus; and an AHB bus signal response module 
for generating corresponding response indicating signal of AMBA AHB bus protocol; the 

25 i960-like interface comprises: a bus interface multiplexing request module for generating 
bus interface multiplexing request signal; and a bus multiplexing module for 
accomplishing the multiplexing between the address output bus from AHB to i960-like and 
the data output bus from AHB to i960-like. 

Preferably, the AHB bus signal register module further comprises an AHB bus write 

30 buffer module for buffering write data and write address from the AHB bus, the AHB bus 
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5 write buffer module comprises two fields: address field and data field; the AHB bus write 
buffer module comprises an enabling port, which can configure the size of the address field 
and data field of the AHB bus write buffer module via AHB bus. 

Preferably, the AHB bus signal response module is used to generate AMBA AHB bus 
feedback signals HREADYout and HRESP. 
1 0 Preferably, the i960-like interface has the function of accessing the outside bus request 

and response, which can be connected to a bus interface multiplexing controller and then 
connected to i960-like bus after bus multiplexing; the i960-like interface can also be 
connected with i960-like bus directly. 

Preferably, the bus interface multiplexing request module is configured to determine 
15 whether or not to send bus request signal to the bus interface multiplexing controller based 
on the status indicating signal from the main controller, and to determine whether or not to 
stop sending bus request signal to the bus interface multiplexing controller based on the 
response signal from i960-like bus. 

Preferably, the address and data multiplexing output bus of the bus multiplexing 
20 module is connected to the top interconnected logic module, and multiplexed with ADS-IN 
signal into a tri-state dual-direction address data bus signal through tri-state gate. 

Preferably, the main controller has two clocks which are synchronous with AHB bus 
clock and i960-like bus clock respectively. 

Preferably, the clock frequency of the AHB bus may be N times of that of the i960-like 
25 bus, where N is a natural number no less than 1 . 

Preferably, the main controller has a state machine for indicating the current state of 
the main controller, which may have three kinds of states: idle, read, and write. 

Preferably, the clock of the i960-like interface can be configured into normal mode or 
low-power mode; in the low-power mode, the clock of the i960-like interface is 
30 dynamically controlled by the bus request signal sent by the bus interface multiplexing 
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5 request module. When there is communication between AHB bus and i960-like bus, the 
clock of the i960-like interface is valid; while when there is no communication between 
AHB bus and i960-like bus, the bus clock of the i960-like interface is set to be "1" state to 
suspend. 

The bus interface converter capable of converting AMBA AHB bus protocol into 
10 i960-like bus protocol according to the present invention adopts the technology of 
supporting both synchronous and asynchronous clocks, which enables the frequency of 
AMBA AHB bus clock to be N times of the frequency of the i960-like bus clock (N is a 
natural number no less than 1), so that the capability of the CPU core at the side of the AHB 
bus can be fully carried out and utilized, without being M\y limited by the clock frequency 
15 at the side of the i960-like interface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above features, advantages and objects of the present invention will be more 
clearly understood from the following detailed description taken in conjunction with the 
accompanying drawings, in which: 
20 FIG. 1 is a basic read/write sequence diagram of AMBA AHB bus; 

FIG. 2 is a read/write sequence diagram of AMBA AHB, including wait state; 

FIG. 3 is a read/write sequence diagram of AMBA AHB, including several 
consecutive read/write periods; 

FIG. 4 is a sequence diagram for read operation of i960-like bus; 
25 FIG. 5 is a sequence diagram for write operation of i960-like bus; 

FIG. 6 is a system functional-block diagram of the bus interface converter capable of 
converting AMBA AHB bus protocol into i960-like bus protocol according to an 
embodiment of the present invention; 
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5 FIG. 7 is a block diagram of the bus interface converter capable of converting AMBA 

AHB bus protocol into i960-like bus protocol according to an embodiment of the present 

invention; 

FIG. 8 is a sequence diagram of error response of AMBA AHB bus; 
FIG. 9 is a sequence diagram for generating the i960-like bus protocol's ALE signal 
10 according to one embodiment of the present invention which the bus interface converter 
capable of converting AMBA AHB bus protocol into i960-like bus protocol; 

FIG. 10 is a circuit diagram for the address and data signal multiplexing bus, input and 
output signal multiplexing bus of the bus interface converter capable of converting AMBA 
AHB bus protocol into i960-like bus protocol according to one embodiment of the present 
15 invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereunder, the preferred embodiments of the present invention will be described in 

detail with reference to the accompanying drawings. 

FIG. 1 is a basic read/write sequence diagram of AMBA AHB bus, wherein AMBA 
20 AHB bus is two pipelines operation. 

FIG. 2 is a read/write sequence diagram of AMBA AHB bus, including wait state. As 

shown in FIG. 2, when the HREADY signal is low, the values of control signal and data bus 

remain the previous value, until HCLK clock signal recieves that the HREADY signal 

becomes high. 

25 FIG. 3 is a read/write sequence diagram of AMBA AHB, including several 

consecutive read/write periods. It is obvious from FIG. 3 that AMBA AHB bus is two 
pipelines operation, and it can also be learned that there is not necessarily any IDLE state as 
transition between two successive operations. 

FIG. 4 is a sequence diagram for read operation of i960-like bus. As seen From FIG. 4 
30 that when ALE signal is valid (high), the width of signal is half of PCLK clock period; 
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5 BLAST signal is the chip selection signal, which can be expanded as per the actual request, 
so as to determine the number of i960-like interfaces carried by the bus interface converter 
capable of converting AMBA AHB bus protocol into i960-like bus protocol according to 
the embodiment of the present invention; RDYRCV signal is a tri-state input signal in the 
embodiment of the present invention, which is valid when being low, and such signal needs 

10 pull-up resistor when connecting with the chip pin, otherwise, this embodiment cannot 
work well; wait periods are determined by the time when the other end of i960-like bus 
returns RDYRCV signal; ADS signal is tri-state data address bus, wherein, the ADDR 
marked thereon is output address bus signal in this embodiment, while the following 
DATAin is input data bus signal in this embodiment; BEl signal is the first bit of the 

15 ADDR address bus, i.e. ADDR[1]. 

FIG. 5 is a sequence diagram for write operation of i960-like bus. As seen From FIG. 
5 that when ALE signal is valid (high), the width of signal is half of PCLK clock period; 
BLAST signal is the chip selection signal, which can be expanded as per the actual request, 
so as to determine the number of i960-like interfaces carried by the embodiment of the 

20 present invention; RDYRCV signal is a tri-state input signal with respect to the 
embodiment of the present invention, which is valid when being low, and such signal needs 
pull-up resistor when connecting with the chip pin, otherwise, this embodiment cannot 
work well; wait periods are determined by the time when the other end of i960-like bus 
returns RDYRCV signal; ADS signal is tri-state data address bus, wherein, the ADDR 

25 marked thereon is output address bus signal with respect to this embodiment, while the 
following DATAout is input data bus signal in this embodiment; BEl signal is the first bit 
of the ADDR address bus, i.e. ADDR[1]. 

FIG. 6 is a system functional-block diagram of the bus interface converter capable of 
converting AMBA AHB bus protocol into i960-like bus protocol according to the 

30 embodiment of the present invention. As is shown in FIG. 6, the bus interface converter 
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5 capable of converting AMBA AHB bus protocol into i960-like bus protocol in the present 
embodiment comprises the following fiinctional parts: 

AHB interface 602: one side of the AHB interface is connected with AN4BA AHB bus, 
acting as an AHB SLAVE interface, which is precisely in conformity with AMBA V2.0 
specification, and the other side thereof is connected with the main controller; 
10 Main controller 604: the main controller accomplishes the most part of protocol 

conversion; 

i960-like interface 606: one side of i960-like interface is connected with the main 
controller, while the other side is connected with the i960-like bus. It is to be noted that the 
1960-1 ike interface has the function of requesting for visiting outside bus and responding. 

15 That means it can either directly connect to i960-like bus, or conduct the bus multiplexing 
with other interface controller before connecting to i960-like bus in order to achieve the 
goal of saving the chip pin resources and reducing the cost. The two different connection 
manners increase the flexibility in practice. 

Top interconnected logic module 608 combines the above functional parts together to 

20 complete the packaging of the module, and also to complete the multiplexing between the 
output bus for outputting from AHB to i960-like and the input bus for inputting from 
i960-like to AHB. 

FIG. 7 is a block diagram of the bus interface converter capable of converting AMBA 
AHB bus protocol into i960-like bus protocol in the embodiment of the present invention. 
25 As is shown in FIG. 7, the bus interface converter for converting AMBA AHB bus protocol 
into i960-like bus protocol according to the present embodiment comprises five functional 
primary sub-modules and one secondary submodule. Wherein, 

The modules for accomplishing the AHB interface function comprises: 
AHB bus signal register module 702, which serves to conduct judgment and register 
30 for the control signals from AMBA AHB bus; 
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5 AHB bus signal response module 704, which serves to produce the corresponding 

response instruction signal of AMBA AHB bus protocol; 

Wherein, AHB bus signal register module 702 further comprises: 
AHB bus write buffer module 706, which serves to conduct buffering for the write 
data and write address from AHB bus; 
1 0 Accomplishing the function of the main controller comprises: main controller module 

708, which conducts the most part of protocol conversion; 

The modules for accomplishing i960-Iike interface functions comprise: 
Bus interface multiplexing request module 710, which serves to produce bus interface 
multiplexing request signals; 
1 5 Bus multiplexing module 712 serves to conduct the multiplexing between the address 

bus for outputting from AHB to i960-like and the data bus for outputting from AHB to 
i960-like. 

The detailed functions, construction and interconnection of each of the said modules 
are as follows: 

20 AHB bus signal register module 702 of the AHB interface serves to conduct judgment 

on the control signals fi-om AMBA AHB bus (HTRANS, HSEL, HREADY^IN) to 
determine whether there is accessing instruction from AMBA AHB bus; after it is 
determined that there is accessing instruction from AMBA AHB bus, register the control 
signal and address signal from AMBA AHB bus. In case the accessing from AMBA_AHB 

25 is write operation, a write indicating signal with one clock period width is produced, then 
check the write buffer field of the system, if the write buffer is enabled, then store the 
registered address and the corresponding write data into write buffer module; then decode 
the address signal as per actual request, and produce the internal signal for creating the 
BLAST signal corresponding to i960-like bus protocol. 
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5 The depth C^DEPTH of AHB bus write buffer module 706 can be set by AHB bus, 

and the set value shall be the mathematic power of 2, with the maximum of 128. There are 
two buffer fields in all, which are address field and data field respectively. The clocks for 
writing into and reading out of the buffer both adopt the synchronous clock of AHB bus. 
The write buffer has the output of fiill mark FifoFull and empty mark FifoEmpty. AHB bus 

10 signal register module 702 controls the write buffer module 706, as long as the empty mark 
FifoEmpty of the write buffer is low, i.e. there is write data to be converted in the write 
buffer, the AHB bus signal register module 702 will automatically produce a read 
instruction of one clock period, and send the data from the write buffer to the main 
controller module 708 for bus protocol converting transmission, wait until the received 

15 signal RDYRCV_reg of i960-like bus (register the RDYRCY signal for one period by 
using i960-Iike bus clock) is low, then produce the next read instruction for reading data 
from the write buffer to the main controller module 708, until the empty mark FifoEmpty of 
the write buffer becomes high, i.e. there is no write data to be converted in the write buffer. 
The write buffer module 706 has an enabling port, which can be configured by AHB bus. 

20 When the the write buffer module 706 is configured to be invalid, the write data is directly 
sent to the main controller module 708, while the write buffer is bypassed. 

The AHB bus signal response module 704 of AHB interface conducts the generation 
of AMBA AHB bus response signal HREADYout and HRESP. Wherein, the 
HREADYout signal is composed of two signals, NONHSIZE_,HREADYout and 

25 HSIZE_HREADYout; the creation logic of NONHSIZE_HREADYout is: conducting 
judgment and determination to the control signal (HTRANS, HSEL, HREADY^IN) from 
AN4BA AHB bus. Firstly, determine there is accessing instruction fi^om AMBA_AHB bus 
and judge whether it is read operation or write operation, if it is read operation, then 
immediately pull down the NONHSIZE_HREADYout signal; if it is write operation, then 

30 judge the status of write buffer sent by AHB bus signal register module 702, if the write 
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5 buffer enables and is not full, then set the NONHSIZE_HREADYout signal high, if the 
write buffer does not enable or enables but already full, then pull down the 
NONHSIZE_HREADYout signal. Then, conduct judgment and determination to the 
RDYRCV signal from i960-like bus and the AD_GEN_wrbusy_reg signal from the main 
controller module 708(whose creating mechanism will be described later in the part for 

10 main controller module), if the write operation of AHB bus causes the 
NONHSIZE_HREADYout signal to become low, then pull up the 
NONHSIZE^HREADYout signal after determining that AD_GEN_wrbusy_reg signal is 
low, i.e. is idle and at the same time, RDYRCV signal becomes low to be valid, then all 
data in the write buffer have been converted and the write buffer is in idle state, while the 

15 data read from i960-like has already been converted and transmit to AHB read bus; in case 
the write operation of the AHB bus causes the NONHSIZEHREADYout signal to become 
low, if the write buffer is in enable state, pull up the NONHSIZE_HREADYout signal after 
the signal showing write buffer is in full state changes from high to low, and when the write 
buffer does not enable, pull up the NONHSIZE^HREADYout signal after determining that 

20 the RDYRCV signal from i960-like bus becomes low and valid. The 
HSIZE HREADYout produce the wait state with two clock periods in case there is HSIZE 
error, which is then combined with NONHSIZE^HREADYout through logic AND into 
the signal HREADYout, forming the wait state with two clock periods, so as to conform to 
the AMBA AHB bus protocol standard under such situation (See FIG. 8); HRESP signal 

25 normally returns OKAY response, and returns ERROR response only when HSIZE does 
not show the required bit width access, while its sequence conforms to the AMBA AHB 
bus protocol standard under such situation (See FIG. 8); 

The bus interface multiplexing request module 710 of the i960-like interface judges 
whether write buffer enables, if the write buffer does not enable, then sends bus request 

30 signal REQUEST_BIU to the bus interface multiplexing control ler(Bus Interface Unit) 
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5 upon determining there is accessing instruction (including read and write operation 
instructions) from AMBA_AHB bus, then judge and detect the control signal 
HREADY^IN from AMB A AHB bus, if it is detected that HREADY_IN is in logic high 
level, then stop sending bus request signal REQUEST_BIU to the bus interface 
multiplexing controller BIU; if the write buffer enables, then send bus request signal 

1 0 REQUEST_BIU to bus interface muhiplexing controller BIU when determine that the state 
indicating signal AD GEN state from the main controller indicates read or write, then 
judge and detect the RDYRCVreg signal from the i960-like bus, if it is detected that signal 
RDYRCV_reg is in logic low level, then stop sending bus request signal REQUEST_BIU 
to the bus interface multiplexing controller BIU. If the present embodiment does not 

15 multiplex with other similar bus interface controller, but directly connects to the i960-like 
bus, then the input signal GRANT_BIU which is from the bus interface multiplexing 
controller BIU should be set to be valid constantly, i.e. in logic high level, so that the 
converter's operation will not be affected by the bus request signal REQUEST_BIU from 
this module; in addition, it is able to take the bus request signal REQUEST BIU from this 

20 module as control signal according to the initial configuration information from the AHB 
bus, so as to dynamatically control the i960-like bus clock output from this interface 
converter; when there is communication from AHB to i960-like, the i960-like bus clock is 
valid, when there is no communication, then automatically set the i960-like bus clock high 
and suspend, so as to save the power of the chip or module connected to the present 

25 embodiment via the i960-like bus. 

The main controller module 708 serves the functions of the most part of protocol 
converting, conducts the logic and sequence converting of the registered AMBA AHB bus 
control signal, generate the internal control signal for controlling the i960-like bus protocol 
signal, because according to i960-like bus protocol, not only the data and the address bus 

30 are multiplexed in the same bus, but also the input and output are multiplexed in the same 
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5 bus, and it shall also be considered that AMBA AHB bus clock and i960-like bus clock 
synchronous and asynchronous (i.e. N times of frequency) convert, all these factors lead to 
that the sequence of controller signal must be strict, otherwise there may be bus conflict or 
unstable logic; there is a state machine in the main controller module 708, including three 
states: idle(IDLE), read(READ_STATE) and write (WRITE_STATE). The state 

10 indicating signal AD_GEN_state indicates IDLE, READ^STATE or WRITE_STATE. 
Once there is read/write instruction from the AHB bus signal register module 702, the state 
machine changes from IDLE to READ_STATE or WRITE_STATE; once it is detected 
that the signal RDYRCV_reg from i960-like bus is low, the state means then changes from 
READ_STATE or WRITE_STATE to IDLE. There is always IDLE between one 

1 5 READ_STATE or WRITE_STATE and the next READ_STATE or WRITE_STATE, this 
is for the purpose of preventing continuous occupying outside shared bus when 
multiplexing bus with other interface controller through the bus interface multiplexing 
controller BIU, so as to enable other possible AHB SLAVE module with higher priority to 
promptly obtain the use right of outside bus. The priority of entering into WRITE_STATE 

20 from IDLE is higher than that of entering into READ_STATE from IDLE, so as to ensure 
that when write buffer enables, read operation is always completed when the write buffer is 
empty, i.e. if there is data in write buffer, the read operation from AHB needs to wait until 
all data in the write buffer have been converted, then conduct read conversion. Such 
measure is to maintain the consistency of read and write data. When the state machine is in 

25 WRITE_STATE, AD_GEN_wrbusy signal is high, and use i960-like bus clock to register 
this signal for one period to generate AD_GEN_wrbusy_reg signal which inputs to the 
AHB bus signal response module 704. This module adopts two clocks, synchronous to 
AHB bus clock and i960-Iike bus clock respectively. The state machine's logic uses AHB 
bus clock, while use i960-like bus clock to generate internal control signals for controlling 

30 the i960-like bus protocol signals. When these two clocks are asynchronous, at the logic 
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5 joining position of these two clocks domains, adopt the measure of the low frequency clock 
domain logic of i960-like bus synchronous with the high frequency clock of AHB bus to 
achieve being synchronous. 

The bus multiplexing module 712 of the i960-like interface serves the multiplexing 
function of output address bus and output data bus, the control signal of which is the control 

10 signal AD_ADDNOTDATA (indicating address when high, and indicating data when low) 
generated by the main controller; the generated address and data multiplexing output bus 
ADS_OUT is connected to the top module of this embodiment, multiplexing with ADS_IN 
signal through tri-state gate to become tri-state dual-direction address and data bus signal 
ADS, the control signal of which is the control signal AD_OUT_EN (indicating output 

15 when high, and indicating input when low) generated by the main controller. 

FIG. 8 is a sequence diagram of error response of AMBA AHB bus, it is shown that 
HREPS is the ERROR response of two clock periods, and the time when HREADY signal 
is low is also two clock periods. 

FIG. 9 is a sequence diagram illustrating that the bus interface converter capable of 

20 converting AMBA AHB bus protocol into i960-like bus protocol according to one 
embodiment of the present invention carries out the production of the ALE signal of 
i960-like bus protocol. FBCLK N is a clock having opposite phase to that of FBCLK 
(FBCLK clock and i960-like bus clock are synchronous), this figure illustrates the situation 
where the AMBA AHB bus interface clock and i960-like bus interface clock are 

25 synchronous. 

FIG. 10 is a circuit diagram of the address and data signal multiplexing bus, input and 
output signal multiplexing bus of the bus interface converter capable of converting AMBA 
AHB bus protocol into i960-like bus protocol according to one embodiment of the present 
invention. Wherein MUX is a selector group choosing one from two, performing the 
30 multiplexing between the output address bus and output data bus, and this part of logic is 
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completed in the bus multiplexing module 712 of i960-like interface as shown in FIG. 7; 
lOBUF is a dual-direction tri-state buffer group, serving to multiplex the output bus signal 
ADS_OUT and the import bus signal ADS_IN into the tri-state dual-direction address data 
bus signal ADS of i960-like bus protocol, and because of including high-impedance state, 
this part of logic is completed in the top module 608. 

While the description of the bus interface converter for converting AMBA AHB bus 
protocol into i960-like bus protocol according to the present invention has been given with 
respect to a preferred embodiment, it is not to be constructed in a limited sense. Variations 
and modification within the spirit and scope of this invention will occur to those skilled in 
the art. Thus the present invention is not limited to these embodiments. Reference is made 
to the appended claims for a definition of the invention. 
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